To the Editor,
Pulmonary tumor thrombotic microangiopathy (PTTM) is rare complication of cancer first described in 1990 by von Herbay et al. [1] , where they observed PTTM in 3.3% of autopsied patients with malignant tumors. It can have severe clinical manifestations, including hypoxia, pulmonary hypertension, right-side heart failure, and sudden death [2] . The pathology of PTTM is characterized by non-occluding microscopic tumor cell emboli accompanied by marked intimal proliferation in small pulmonary arteries [1] . Pulmonary tumor embolism is a condition related to PTTM, but it lacks intimal proliferation. In PTTM, tumor emboli in the vasculature and the consequent local activation of coagulation and widespread fibrocellular intimal proliferation of small pulmonary arteries and arterioles lead to increased vascular resistance, resulting in marked pulmonary hypertension [3] . The diagnosis and treatment of PTTM in living patients is extremely difficult, and many patients die of right-side heart failure within weeks. Only four PTTM cases have been reported in Korea, but all were diagnosed shortly before or after death, so no useful treatment was attempted. Here, we report a case of PTTM in a patient with breast cancer diagnosed from a lung perfusion scan.
The patient was a 32-year-old woman who was diagnosed with breast adenocarcinoma (invasive ductal carcinoma, A B On admission, her blood pressure was 105/56 mmHg, heart rate was 130 beats per minute, respiratory rate was 22 breaths per minute, body temperate was 36.7°C, and oxygen saturation was 85% (on room air). An arterial blood gas analysis on room air revealed hypoxemia: pH 7.472, pCO2 24.3 mmHg, pO2 41.7 mmHg, HCO3 17.6 mmol/L, and SaO2 73.4%. Other laboratory tests showed the following: white blood cell count 7,750/mm 3 with a normal differential, hemoglobin 13.1 g/dL, platelets 217,000/ mm 3 , total bilirubin 0.7 mg/dL, alanine aminotransferase 46 IU/L, aspartate aminotransferase 29 IU/L, and C-reactive protein 1.08 mg/dL. A chest radiograph showed no definite abnormality. Computed tomography (CT) pulmonary angiography was performed on suspicion of pulmonary thromboembolism and revealed no significant pulmonary thromboembolism. There were centrilobular ground glass opacities throughout both lungs (Fig. 1) . A lung perfusion scan showed multiple small segmental perfusion defects (Fig. 2) , which is compatible with PTTM. A lung ventilation scan was not performed due to her condition.
Anticoagulation therapy with enoxaparin was started and was changed to rivaroxaban after 5 days. She was supported with oxygen (up to 12 L/min via a non-rebreathing mask); the oxygen demand increased gradually over the next 4 days and the oxygen saturation fell below 85%. Therefore, high-flow nasal cannula oxygen therapy was started. The oxygen saturation was maintained satisfactorily until just before her death (Fig. 3) . On the 12th day of admission, her general condition deteriorated rapidly and her blood pressure fell. She died despite resuscitation.
PTTM is a fatal, cancer-related pulmonary complication, which is characterized by rapidly progressive dyspnea, pulmonary hypertension and right-sided heart failure, and leads to sudden death [1] . PTTM is seen in 0.8% to 3.3% of autopsied of patients with malignant neoplasms and it is usually associated with adenocarcinoma, Joo H, et al. Pulmonary tumor thrombotic microangiopathy especially poorly differentiated gastric adenocarcinoma and adenocarcinoma of the pancreas, breast, liver, colon, lung, and ovary [1, 4] . In PTTM, tumor cells metastasize to the pulmonary arterial system and adhere to the vascular endothelium. This activates the coagulation system, which releases inflammatory mediators, resulting in the deposition of platelets and fibrin microthrombi, fibrocellular intimal proliferation, and smooth muscle colonization. These processes induce diffuse narrowing of the pulmonary arteriolar system and increased vascular resistance, resulting in pulmonary hypertension [3] . Antemortem diagnosis of PTTM is difficult and no diagnostic methods have been established for PTTM. CT pulmonary angiography shows no evidence of pulmonary thromboembolism, while a lung ventilation-perfusion scan shows multiple small wedged-shaped perfusion defects [5] . An echocardiogram may show pulmonary hypertension and right-side heart failure. An aggressive bronchoscopic biopsy, transbronchial lung biopsy, or pulmonary microvascular cytology using a wedged pulmonary artery catheter have been suggested as tools for making an antemortem diagnosis of PTTM. However, these procedures cannot be performed in many patients who are already suffering from severe, progressive dyspnea.
In our case, PTTM was confirmed based on four clinical findings. The patient had been diagnosed with breast adenocarcinoma (invasive ductal carcinoma, well differentiated) and PTTM is usually associated with adenocarcinoma. A transthoracic echocardiogram showed normal left ventricular contractile function with an elevated estimated systolic pulmonary artery pressure of 54 mmHg and a D-shaped left ventricle. There was no evidence of pulmonary thromboemboli on CT pulmonary angiography, ruling out a diagnosis of pulmonary thromboembolic disease. A lung perfusion scan showed multiple small segmental perfusion defects compatible with PTTM. The clinical manifestations in this case were all consistent with PTTM.
Although the underlying molecular mechanism of PTTM remains uncertain, platelet-derived growth factor, vascular endothelial growth factor, and osteopontin may play important roles in the pathogenesis of PTTM [3] . There is no standard management for PTTM. In one reported case, PTTM was managed with a combination of anticoagulation, steroid therapy, and anticancer drugs [4] . In a recent case, imatinib, a tyrosine kinase inhibitor of the platelet-derived growth factor receptor, led to the regression of pulmonary hypertension and pulmonary artery remodeling in PTTM [5] . However, the disease usually progresses rapidly and the prognosis is extremely poor. Almost all patients with PTTM die within 2 weeks of the onset of dyspnea [2, 3] . Although we tried best-supportive care, our patient died 12 days after the diagnosis was made. The hypoxia is rapidly progressive in PTTM. In our case, we first applied high-flow nasal cannula oxygen therapy to manage hypoxia. With the high-flow nasal cannula oxygen therapy, the oxygen saturation was maintained avoiding endotracheal intubation. However, rapidly progressive circulatory failure eventually developed and the patient died. This demonstrates that the cause of death in PTTM is not respiratory failure, but circulatory failure.
In conclusion, PTTM is a rare pulmonary complication of cancer that is fatal because of its rapid progression. To make an early diagnosis and intervene therapeutically, it is important to include PTTM in the differential diagnosis of cancer patients with rapidly progressing hypoxemia without pulmonary thromboembolism. Although we could not change the clinical outcome using highflow nasal cannula oxygen therapy, we revealed that the cause of death in PTTM is circulatory failure, and not hypoxia. Nevertheless, further studies are needed to elucidate the pathogenesis and treatment of PTTM.
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